Objectives: Protective vaccinations are the most effective method of prevention of type B virus hepatitis. The aim of the study was to determine whether in children receiving immunosuppressive therapy due to inflammatory systemic connective tissue diseases the protective concentration of the anti-HBs antibodies produced after vaccination against type B virus hepatitis in infancy is maintained.
Introduction
In spite of continuous progress in knowledge, infection with hepatitis B virus (HBV) still remains one of the greatest epidemiological problems of our times.
It is estimated that one third of the world's population, i.e. about two billion people, are infected, and 350-400 million of them actually have chronic type B virus hepatitis [1] .
About 500 000 to 1 million patients die yearly due to complications such as hepatocellular carcinoma or liver cirrhosis [2] .
The epidemiological situation of HBV infections improved significantly after introduction of protective vaccinations. Taiwan was the first country to introduce protective vaccinations, in 1984. During 10 years the incidence rate in that country decreased from 10% to less than 1% [3, 4] . In Poland, vaccination against HBV was introduced to the vaccination schedule in 1989. Initially, the vaccinations were given only to neonates born to mothers with positive HBs antigen test results. In subsequent years the vaccination programme was gradually extended, to include healthcare personnel, people exposed to close contact with HBV-infected patients, and patients with chronic disease. In 1994 vaccination against hepatitis B was introduced to the obligatory vaccination schedule. Initially, the vaccination schedule involved neonates born in 13 provinces, and since 1996, in the whole country [5] .
Already within two years following introduction of vaccination, the incidence of hepatitis B in the group of children aged three years or less was reduced by halffrom 39.8 to 19.9 per 100,000 population. Currently, in the group of the youngest children only isolated cases of the disease are reported, and they concern children not vaccinated or vaccinated with the variance of the vaccination schedule [6] .
In 2012 the official rate of acute hepatitis B incidence in the Polish population was 0.2/100,000 [7] . Currently, in spite of widespread protective vaccinations, the largest groups of infected persons are young adults aged 17-20 years, in the time of sexual initiation, and elderly non-vaccinated persons [7] .
The vaccination efficacy is regarded as high; it is estimated to induce immunity in over 95% of healthy vaccinated subjects [3] .
The immunity after the vaccination is dual: humoral, associated with the presence of specific neutralizing antibodies (anti-HBs); and cellular, associated with T and B cells. Owing to T and B memory cells the immunity to HBV infection is maintained in healthy persons, in whom no protective concentration of anti-HBs antibodies (anti-HBsAb) is detected.
Until recently, the protective serum concentration of anti-HBsAb was defined as a concentration not lower than 10 mIU/ml, determined at least four weeks after the administration of the third vaccine dose. Currently, according to the latest instructions of the Polish Protective Vaccinations Schedule for 2014, in correctly vaccinated healthy subjects, the presence of antibodies (several years following the vaccination), in any concentration, proves the development of immunity, and no booster doses are recommended [8] .
Revaccination after the primary vaccination, if the anti-HBsAb concentration is < 10 mIU/ml, is recommended in the following subjects:
• chronically ill patients, particularly those with immunity disorders, frequently hospitalised, dialysed, infected with HIV, HCV, those with diabetes mellitus, renal and hepatic diseases, receiving immunosuppressive treatment, and also persons in close contact with a HBVinfected individual; the seroprotection index in such subjects should be ≥ 10 mIU/ml, • patients with malignant tumours on immunosuppressive treatment and patients after organ transplantations. In such persons the seroprotection index should be ≥ 100 mIU/ml [8, 9] . The revaccination, according to the recommendations, is started with one vaccine dose and in case of lack of response, the whole vaccination programme should be continued.
The subjects in whom after repeated revaccination no protective antibody concentration has been found should be treated as not responding to the vaccine, and in case of significant exposure to HBV, post-exposure management should be instituted [9] .
It should also be kept in mind that the absence of anti-HBsAb after vaccination may be caused by HBV infection. In such cases HBV infection markers should be determined.
Children with inflammatory systemic connective tissue diseases (current name: autoimmune inflammatory rheumatic diseases -AIRDs) are at increased risk of infection, including HBV infection, compared with their healthy peers, in view of disturbed immune response, immunosuppressive treatment and, finally, frequent hospitalisations.
What conclusion could be drawn regarding the necessity of determination in AIRDs patients concentration of anti-HBsAb, irrespective of the type of rheumatic disease, its duration and the method of treatment, and, in case of lack of seroprotection, starting revaccination?
Aim of the study
The aim of the study was to determine whether in children receiving immunosuppressive therapy due to inflammatory systemic connective tissue diseases and vaccinated against hepatitis B in infancy, the protective concentration of anti-HBsAb (≥ 10 mIU/ml) is maintained.
Material and methods
The concentration of anti-HBs antibodies was determined in 50 children with inflammatory connective tissue diseases during immunosuppressive treatment, patients of the Department and Polyclinic of Rheumatology of Developmental Age, Institute of Rheumatology (IR).
Inclusion criteria: • age: 2-18 years, • documented vaccination against hepatitis B in infancy, • documented diagnosis of rheumatic disease, • minimum six months of immunosuppressive treatment, • written consent of the parents for their child's participation in the study.
The control group consisted of 50 healthy children aged 2-18 years, with documented vaccination against hepatitis B in infancy.
All children were vaccinated according to the 0-1-6 months schedule with the Engerix B vaccine (Glaxo SmithKline). The concentration of anti-HBsAB was determined by the immunochemistry method using a Vitros ECIQ analyser, Ortho Clinical Diagnostics J&J.
Statistical methods: the comparison of the groups and subgroups with respect to antibody concentration was done using the Mann-Whitney test. The comparison of the groups with respect to vaccination efficacy was done using Fisher's exact test. The relationship between the time after the last vaccination and the concentration of antibodies for each group was assessed by calculating the Spearman rank correlation coefficient. All calculations were done using R 3.0.1 software. The study was conducted with consent of the Bioethical Committee at the IR.
The characteristics of the study groups are shown in Tables I, II and III.
Results
In the group of children with AIRDs, in 25 (50%) cases no protective anti-HBsAb concentration was found, including concentration below 10 mIU/ml in 18 (36%) children, and the absence of anti-HBsAb (0 mIU/ml) in 7 (14%) children.
In the control group, seroprotection was found in 48 children (96%): in 32 children (62%) the concentration was > 10 mIU/ml and in 16 children (34%) it was < 10 mIU/ml. In 2 children (4%) no anti-HBsAb concentration (0 mIU/ml) was detected. The differences were statistically significant (p < 0.0001).
The arithmetic mean of anti-HBsAb concentration was comparable in the two groups; it was 102.1 (±221.3) in the group of children with AIRDs and 114.8 (±244.9) in the healthy controls. No statistically significant differences were found (p = 0.396).
No statistically significant correlation was found between the time after the last vaccination and the concentration of antibodies in both groups. In the group of children with AIRDs the correlation coefficient was 0.03 (p = 0.81), while that in the healthy controls was 0.16 (p = 0.27).
Additionally, no statistically significant correlation was found between duration of the treatment and the concentration of antibodies (rho = 0.06, p = 0.66).
Discussion
Our study, despite the small number of study patients, calls attention to the potential weight of the problem. In 50% of the children with AIRDs participating in the study no seroprotection against hepatitis B was found (anti-HBsAb concentration < 10 mIU/ml). For chronically ill patients receiving immunosuppressive treatment, such a concentration is not protective. In the control group, almost all healthy children (96%) had antibody concentrations regarded as protective (62% > 10 mIU/ml and 34% < 10 mIU/ml).
According to the current standards, a correctly vaccinated healthy person is immune, even after a long time following the vaccination, irrespective of anti-HBsAb concentration.
The results of most studies confirm the safety and immunogenicity of vaccines, inactivated or recombined, including those against hepatitis B.
As literature data show, in adult patients with systemic lupus erythematosus (SLE) according to Kuruma et al., Behçet's disease according to Erkek et al. and in patients with rheumatoid arthritis according to Elkayam, vaccination against hepatitis B has been proved safe and effective [10] [11] [12] . A group of European League Against Rheumatism (EULAR) experts developed the guidelines for vaccinations of adult patients with AIRDs. According to these directives, vaccination against hepatitis B is recommended in cases of increased risk of infection with the virus, e.g. when travelling to endemic regions, in healthcare professionals, or in those having close contact with a HBV-infected person. The vaccination is recommended only in patients in whom no protective concentration of anti-HBsAb has been found [13] .
Similarly to the guidelines on vaccinations in adults, EULAR developed recommendations for vaccinations in children with rheumatic diseases. The recommendations suggest that inactivated vaccines can be used in children with rheumatic diseases treated with glucocorticosteroids (GCS) and synthetic and biological disease-modifying antirheumatic drugs, in concordance with the indications of the national vaccination schedule [14] . Dell' Era et al. recommend administration of inactivated vaccines to children with rheumatic diseases during the period of disease stability. They particularly recommend vaccinations against pneumococci and influenza. The vaccinations should be withdrawn only in cases of active disease or when the vaccination caused a recurrence of the disease [15] .
According to Toplak et al. as well as Aikawa et al., vaccination against influenza is safe in patients with juvenile idiopathic arthritis (JIA) [16, 17] .
Kasapçopur et al. demonstrated in their study the safety and efficacy of vaccination against hepatitis B. In a group of 39 children with JIA treated with methotrexate (MTX) and/or prednisone, vaccination against hepatitis B induced seroprotection in all cases. No adverse effects or disease exacerbation were observed after the vaccination. The concentration of specific antibodies was comparable to that in the control group of healthy children [18] .
All our patients in whom no seroprotection was found were administered the recommended single dose of the vaccine. To date, the concentration of anti-HBsAb has been determined in 13 patients from that group. In these cases protective antibody concentration ≥ 10 mIU/ ml was found. No adverse effects or disease exacerbation were observed in any child after the vaccination. Further studies on a larger group of children could show whether the administration of a single recommended dose is sufficient.
The question arises, however, how frequently the concentration of anti-HBsAB should be monitored in AIRDs patients. While the guidelines concerning dialysed patients and those with malignancies are available, there are no recommendations as to children with rheumatic diseases.
According to the Polish Expert Group of the Team for Vaccinations, the concentrations of antibodies should be determined once a year in dialysed patients, and every six months in those with malignancies during immunosuppressive treatment [19] .
Taking into account also the financial aspect (anti-HBsAb concentration determinations are not financed by the National Health Fund), it seems justified to determine anti-HBsAb concentration in children with rheumatic diseases before planned surgical operations and before the beginning of immunosuppressive treatment, and, possibly, to monitor the concentration of the antibodies during the treatment, for example, every 2-3 years.
Conclusions
1. The determination of anti-HBsAb concentration in children with rheumatic diseases is highly justified. 2. In case of a lack of seroprotection, revaccination should be started.
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